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Background: Parks are valuable resources for physical activity (PA) given their widespread availability and low cost
to maintain and use. Both proximity to parks and the availability of particular features are important correlates of
PA. However, few studies have explored multiple measures of proximity simultaneously or the specific facilities
associated with park use and park-based PA among adults, let alone differences across socio-demographic characteristics.
The purpose of this study was to examine associations between park proximity and park facilities and adults’ park use and
park-based PA, while also exploring differences by gender, age, race, and income.
Methods: Data on monthly park use and weekly amount of PA undertaken in parks were collected via a mail survey of
adults from randomly-selected households (n = 893) in Kansas City, Missouri (KCMO) in 2010–2011. Three measures of park
proximity were calculated within 1 mile of participating households: distance to the closest park, number of parks, and
total park area. All parks in KCMO were audited using the Community Park Audit Tool to determine the availability of 14
park facilities within 1 mile of each participant (e.g., trail, playground, tennis court). Multilevel logistic regression was used
to examine the relationship between each of park use and park-based PA and 1) three measures of park proximity, and 2)
the availability of 14 park facilities within 1 mile of participants. Separate analyses were conducted by gender, age, race,
and income, while controlling for all socio-demographic characteristics and BMI.
Results: Across all sub-samples, distance to the closest park was not significantly related to either park use or park-based
PA. However, numerous significant associations were found for the relationship of number of parks and amount of park
space within 1 mile with both outcomes. As well, diverse facilities were associated with park use and park-based PA. For
both park proximity and facilities, the significant relationships varied widely across gender, age, race, and income groups.
Conclusions: Both park proximity and park facilities are related to park use and park-based PA. Understanding how such
associations vary across demographic groups is important in planning for activity-friendly parks that are responsive to the
needs of neighborhood residents.
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Engaging in regular physical activity (PA) confers sub-
stantial health benefits throughout all life stages and
across demographic groups [1-3], including a reduced
risk of obesity and chronic diseases such as type 2 dia-
betes, cardiovascular disease, and some cancers [4,5].
Nevertheless, population-wide PA participation has de-
clined over the last few decades across the world [6]. For
example, across 122 countries, approximately one-third
of adults are physically inactive, ranging from 17% in
southeast Asia to about 43% in the Americas and the
eastern Mediterranean [7].
Given the limited success of individually-based ap-
proaches to boost healthy behaviors such as PA, eco-
logical models are gaining popularity in both research
and practice [8,9]. In particular, ecological models
emphasize the importance of urban design policy and
environmental factors for both facilitating and inhibit-
ing community health [10]. The built environment can
be defined as “the human-made space in which people
live, work, and recreate on a day-to-day basis” [11] and
parks are one key resource in communities for encour-
aging PA and reducing obesity among residents of all
ages [12-14]. Parks can enhance the active ambience of
the overall neighborhood environment and they can
also be destinations for walking to as well as settings
for a wide variety of recreational activities [15-19].
A growing body of literature has examined how differ-
ent aspects of parks are associated with PA participation,
including factors such as proximity, design features, and
elements of the surrounding environment [20-27]. How-
ever, this paper aims to address at least four limitations
within research on parks and adults’ PA to date. First,
many studies have examined the role of proximity to
parks and adult PA, including some which have looked
at aggregate amounts of green space in participants’
neighborhoods [28,29]. However, most research on park
proximity and PA has considered only the shortest dis-
tance to the nearest park, which ignores the possibility
of having several parks (and of different sizes) within a
neighborhood that may influence residents’ behaviors.
For example, one recent study of public open spaces
(POSs) in Melbourne reported that other proximity
measures such as the number of POSs and the total area
of POSs within 1 km were also associated with POS-
related PA [30].
Second, most research has employed context-free out-
comes such as total PA (derived via self-report or elec-
tronic monitoring) when examining relationships between
parks and PA [31-33]. It has been noted that such global
outcomes potentially include a substantial amount of PA
which is unrelated to parks (e.g., walking on neighborhood
streets for shopping), which could bias the observed rela-
tionships [34]. Only a limited number of studies have usedcontext-specific measures of park-based PA or active
travel to parks in considering how proximity to or specific
features of parks influence PA [22,23,30]. For example,
Schipperijn et al. [25] found associations between charac-
teristics of urban green space (e.g., size and features) and
PA in the nearest urban green space, while no associations
were found with general PA.
Third, few studies among adults have comprehensively
examined how the specific features of parks are associ-
ated with park-based PA. Kaczynski et al. [23] reported
that park features were more important than factors
such as size and distance in determining use by residents
for PA. Likewise, Sugiyama et al. [26] found that the
presence of a large attractive park within walking dis-
tance of someone’s home may be more important in en-
couraging adults’ sufficient walking than having a less
desirable park within a shorter distance. However, des-
pite a few notable exceptions [25,35], the majority of re-
search on park features and PA participation to date has
been conducted among youth populations [36-40].
Finally, rarely have researchers considered how the re-
lationship between park proximity and features and
adults’ PA may vary according to factors such as gender,
age, income, or race/ethnicity. Numerous studies report
that overall PA participation and park use patterns differ
across socio-demographic groups and that preferences
for specific park features and attributes are also hetero-
geneous [41-46]. However, most research on parks and
PA has failed to consider potential differences according
to residents’ socio-demographic characteristics. As an
example, Kaczynski et al. [16] found that living near
more parks and more parkland were more positively as-
sociated with PA among women than men and among
younger (18–34 years) and older (55+ years) adults than
middle-aged (35–54 years) adults. Better understanding
the influence of park attributes on park-related PA
across different population groups can aid in (re)design-
ing parks and open spaces within neighborhoods to cre-
ate more activity-friendly built environments for all.
Purpose
The purpose of the present study was to understand
how multiple measures of proximity to parks and spe-
cific park features were associated with park-based PA
among adults and how such relationships may vary ac-
cording to several socio-demographic characteristics.
Methods
Study setting and sample
This study took place in 2010 and was part of the
Kansas City Parks and Physical Activity Project, a multi-
stage investigation of the influence of park and neigh-
borhood characteristics on youth and adult PA and
obesity in Kansas City, Missouri (KCMO). The study
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Boards at Kansas State University and the University of
Missouri. KCMO has a population of almost one half
million (459,787) residents from diverse racial/ethnic
and socioeconomic backgrounds and contains 219 parks
ranging in size from 0.16 to 1805 acres and possessing a
diverse array of facilities and amenities.
With the assistance of a market research company
(Survey Sampling International, Shelton, CT), an initial
random sample of almost 4000 residential addresses (n =
3906) was identified that were geographically-dispersed
across KCMO. This was accomplished using an initial set
of 60 diverse parks that were part of a broader study and
then by identifying all census blocks within 0.5 miles of
those parks. From those census blocks, we then selected a
random sample of 66 addresses around each park. A self-
administered questionnaire was sent to sample households
using a modified Dillman [47] mailing protocol. It was re-
quested that a single adult living within the household
complete the survey. From October through December
2010, the mailing protocol included an initial cover letter
and lengthy questionnaire, a thank you/reminder postcard,
and three additional mailings of follow-up questionnaires
to those who had not yet responded. Of the 3906 ques-
tionnaires that were mailed out, 649 were returned by the
postal service as undeliverable and 893 were returned
completed. This resulted in a 27.4% response rate, which
is comparable to other similar studies about parks within
the general population [48,49]. Compared to the broader
KCMO adult population, our sample was slightly more
female and older with a greater proportion of Whites
respondents, but with similar income levels.
Measures
Park proximity
All parks in the City of KCMO directory (n = 219) were
visited to determine if they were present, accessible, and
useable for recreation (n = 146). In this study, we exam-
ined three measures of park proximity objectively using
Geographic Information Systems (GIS) – distance to the
closest park, total number of parks, and total park acre-
age. The distance from the participant’s address to the
geometric centroid of the nearest park was calculated
using the street network distance, which has been shown
to be more appropriate in simulating walking behavior
than Euclidean distance [50,51]. A variable was created
to indicate whether each participant had their closest
park within less than ½ mile, between ½ mile to 1 mile,
or farther than one mile. In addition, a 1 mile network
buffer was created around each participant’s address to
determine the total number of parks and the total park
acreage that fell into this catchment area, with a park or its
acreage included if the park’s centroid fell within this dis-
tance. Although no common standard exists for proximityto parks, this 1 mile-buffer was thought to be a reasonable
walking distance and is similar to that used in several past
studies of PA and built environment attributes [31,52,53].
Park facilities
All parks within 1 mile of any participating household
(n = 146) were assessed by two trained auditors using
the Community Park Audit Tool (CPAT). The CPAT has
demonstrated excellent inter-rater reliability for the vast
majority of its items [54] and park facilities were defined
as areas in the park that could be used for PA [23]. Specif-
ically, the CPAT provided in-depth information regarding
the presence/absence of 14 park facilities, including play-
grounds, sports fields (e.g., football, soccer), baseball fields,
swimming pools, splash pads, basketball courts, tennis
courts, volleyball courts, trails, fitness stations, skate parks,
dog parks, green spaces, and lakes.
Park use and park-based PA
Self-reported park use was captured with a question
from the Physical Activity in Park Settings (PA-PS) ques-
tionnaire, which has demonstrated reliability [55]. Spe-
cifically, participants reported whether they had visited a
park within the past 30 days (yes/no). A park was de-
fined for respondents as “a public park or outdoor recre-
ation area in the community that is designed for active
or passive use” [56]. The second outcome variable asked
about the amount of time (minutes) spent being physic-
ally active in a park in a usual week. Because of the large
proportion of people who reported not having used a
park in the last 30 days (56.3%) or who reported zero
minutes of PA in a park in a usual week (55.1%), both
park use and park-based PA were dichotomized as
‘some’ versus ‘none’.
Participant characteristics
Finally, participant demographics captured in the study
questionnaire included gender, income, race, age, and
height and weight.
Analyses
Descriptive statistics were used to characterize the study
participants’ socio-demographic characteristics and park
use and park-based PA behaviors. Multilevel logistic re-
gression analyses (with census tract of residence as the
level 2 variable) were used to examine the relationship
between each outcome variable (park use and park PA)
and 1) three measures of park proximity (closest park,
number of parks, park acreage), and 2) the availability of
14 park facilities within 1 mile. In addition to examining
these associations among the full sample of participants,
separate analyses were conducted by gender (male/fe-
male), income (<$25,000, $25,000-74,999, $75,000+), race
(White, Black), and age (18–39, 40–59, 60+ years), while
Table 2 Park proximity and facilities descriptive statistics
Park variable %
Closest Park
Less than ½ mile 44.3%
½ to 1 mile 40.6%
More than 1 mile 15.0%









50 or more acres 24.5%
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body mass index calculated from height and weight. All
analyses were conducted using SPSS 19.0 and findings
were considered significant at p < .05.
Results
Sample characteristics
Table 1 shows the characteristics of the study sample.
Almost two-thirds (60.8%) of participants were female,
the mean age was 50.9 years (SD = 16.5; range = 18 to
98), half (49.7%) were from middle-income households
($25,000-74,999), two-thirds were White (66.9%), and
more than half were either overweight (36.0%) or obese
(25.1%). Almost half of participants had used parks
within the past month (43.7%), while a similar number
reported engaging in some park-based physical activity
in a usual week (44.9%). Table 2 also provides descriptive
statistics for the full sample for all park proximity and






Less than $25,000 24.8%
$25,000-74,999 49.7%










60 years or more) 31.3%
Body Mass Index
Underweight or Normal Weight 38.9%
Overweight 36.0%
Obese 25.1%
Park Use Within Past Month
Yes 43.7%
No 56.3%


















Percentages for park facilities indicate the proportion of the sample with each
facility within a park within 1 mile from home.Association of park proximity with park use and
park-based PA
As shown in the top half of Tables 3 and 4, for all sub-
samples, distance to the closest park was not statistically
significantly related to both park use and park-based PA.
However, several statistically significant associations
(p < .05) were found for the relationship of number of
parks and amount of park space within 1 mile with
both outcomes among several participant groups. For
example, White participants with two or three or more
parks and the full sample, females, and high income
participants with three or more parks were signifi-
cantly more likely to report having used a park in the
past 30 days than those with no parks within 1 mile;
perhaps not surprisingly, these results suggest that as
Table 3 Association of park proximity and park facilities with park use by socio-demographic characteristics
Park
variable
Full sample Gender Income Race Age
Males Females Low income Medium
income
High income White Black 18-39 years 40-59 years 60+ years




1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
½ mile to 1
mile












0 parks 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1 park 0.82 0.45-1.46 0.74 0.29-1.90 0.82 0.38-1.76 2.59 0.46-14.48 0.73 0.33-1.59 0.45 0.14-1.49 0.69 0.36-1.40 5.58 0.29-
105.85
















2.10 0.80-5.49 2.32 1.09-
4.95











0 acres 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00




20-49.9 acres 2.18 1.22-
3.87

































1.52 0.77-2.97 2.30 1.36-
3.90














Baseball field 1.73 1.20-
2.50




















Splash pad 2.07 1.29-
3.33












1.96 1.08-3.54 1.49 0.92-2.42 2.00 0.89-4.52 1.51 0.91-2.50 1.94 0.85-4.45 1.98 1.24-
3.15
















Table 3 Association of park proximity and park facilities with park use by socio-demographic characteristics (Continued)
Tennis court 1.78 1.23-
2.57
1.98 1.09-3.57 1.64 1.01-
2.68










2.42 0.96-6.11 2.71 0.58-12.74 2.09 0.61-7.18 8.49 0.76-95.41 2.24 0.71-7.08 1.26 0.20-7.89 3.03 1.12-
8.17







1.24 0.66-2.35 1.88 1.16-
3.03














































Dog park 1.48 0.56-3.93 1.55 0.32-7.46 1.42 0.38-5.25 2n/a 2n/a 1.20 0.40-3.54 2.88 0.10-
82.90










2.00 1.05-3.82 1.54 0.91-2.62 2.49 1.00-6.20 1.28 0.73-2.23 2.41 1.00-5.82 1.80 1.11-
2.92




Bolded odds ratios and confidence intervals indicate associations that were significant at p < .05.
1The reference group for all park facilities analyses was those participants who did not have the specific facility within a park within 1 mile from home.
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having used a park (Table 3). As well, with at least 20
acres of park space within 1 mile, there were signifi-
cantly greater odds of park use for the full sample, fe-
males, low income participants, and both White and
Black participants compared to those with no park
space nearby (Table 3).
Compared to those with no parks, park-based PA was
more likely for several groups having two and three or
more parks within 1 mile, including the full sample,
medium income participants, White participants, and
middle-aged (40–59 years) adults (Table 4). And again,
park-based PA appeared more likely as the number of
parks within 1 mile of participants increased. Addition-
ally, the full sample, medium income, and White partici-
pants were more likely to engage in park-based PA given
access to 20–49 acres of park space within 1 mile. The
same was true for the full sample, females, and middle-aged
adults who had 50 or more acres near home (Table 4).
Association of park facilities with park use and
park-based PA
There were also positive and significant relationships
with park use (Table 3) and park-based PA (Table 4) for
having several specific park facilities within 1 mile from
home. For example, all facilities except sports fields,
swimming pools, volleyball courts, dog parks, and green
spaces were associated with greater odds of park use
among the full sample of participants (Table 3). Like-
wise, park use was related to access to splash pads, bas-
ketball courts, and lakes among males; playgrounds,
baseball fields, and trails among females; and tennis
courts, fitness stations, and skate parks among both gen-
ders. There were only two facilities significantly associ-
ated with park use for low income (playgrounds and
baseball fields) and medium income (fitness stations and
skate parks) participants, but many more among high
income participants (playgrounds, baseball fields, splash
pads, tennis courts, trails, fitness stations, and skate
parks). All but four facilities were positively associated
with park use among White participants. In contrast,
only three facilities were significantly related to park use
among Black participants (playgrounds, baseball fields,
and basketball courts), though it should be noted that
all of these three were also significant among White
adults. Finally, five facilities were associated with park
use among younger (18–39 years) adults, including
playgrounds, trails, fitness stations, skate parks, and
lakes, while four other facilities were associated with
park use among middle-aged (40–59 years) adults
(baseball fields, swimming pools, splash pads, and
basketball courts). In contrast, none of the 14 facilities
were associated with park use among older adults
(60+ years) (Table 3).Somewhat fewer statistically significant relationships
were observed between the various park facilities and
park-based PA (Table 4). Playgrounds were related to
park-based PA among the full sample, females, medium
income participants, White participants, and younger
and middle-aged adults. However, sports fields, baseball
fields, swimming pools, and lakes were only related to
park-based PA for one sub-sample each (medium in-
come, middle-aged, high income, and younger partici-
pants, respectively). Having a splash pad within 1 mile
was positively related to park-based PA for four groups
(full sample, females, high income, and White partici-
pants), while the same was true for basketball courts
among six groups (full sample, males, medium income,
high income, Black, and middle-aged adults). Tennis
courts were important for the full sample and for
middle-aged adults, while trails were related to park-
based PA among females, medium income participants,
and younger and middle-aged adults. Fitness stations
were associated with park-based PA for several groups,
including the full sample, females, medium income,
White, and younger adults, while skate parks were as-
sociated with park-based PA for the full sample, White
participants, and younger adults. Finally, three facil-
ities – volleyball courts, dog parks, and green spaces –
were not related to park-based PA for any of the participant
samples examined.
Discussion
Parks are important elements of the built environment
as destinations and settings for PA as well as resources
that can enhance the overall PA-promoting environment
within neighborhoods [13,15,57]. The current study ex-
amined how multiple measures of proximity to parks
and specific park facilities were associated with adults’
park use and park-based PA, and how these associations
varied across several socio-demographic factors. Across
all sub-samples, distance to the closest park was not sig-
nificantly related to either park use or park-based PA,
but numerous significant associations were found for the
relationship of number of parks and amount of park
space within 1 mile with both outcomes. As well, diverse
facilities were associated with park use and park-based
PA. For both park proximity and facilities, the significant
relationships varied widely across gender, age, race, and
income groups. These findings are discussed below.
Proximity to parks
Across all sub-samples in this study, distance to the clos-
est park was not significantly associated with either park
use or park-based PA. This is consistent with some pre-
vious research which reported a lack of a relationship
between access to one’s closest park and PA, although
most of these studies did not use context-specific PA
Table 4 Association of park proximity and park facilities with park-based physical activity by socio-demographic characteristics
Park variable Full sample Gender Income Race Age
Males Females Low income Medium
income
High income White Black 18-39 years 40-59 years 60+ years




1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
½ mile to 1
mile
0.72 0.45-1.16 0.79 0.37-1.70 0.71 0.37-1.34 0.57 0.19-1.72 0.88 0.44-1.75 0.53 0.19-1.50 0.66 0.37-1.19 0.48 0.15-1.53 0.67 0.29-1.58 1.06 0.49-2.29 0.41 0.14-1.18
More than 1
mile
0.50 0.25-0.99 0.51 0.19-1.40 0.49 0.19-1.28 0.91 0.17-4.90 0.33 0.13-0.84 0.81 0.22-3.00 0.47 0.22-1.00 0.41 0.05-3.34 0.48 0.16-1.49 0.47 0.14-1.57 0.61 0.16-2.32
Number of
Parks
0 parks 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1 park 0.97 0.46-2.04 1.45 0.48-4.38 0.73 0.26-2.04 0.29 0.04-2.30 2.62 0.93-7.40 0.25 0.06-1.08 0.88 0.37-2.04 1.41 0.15-
13.02
1.12 0.30-4.20 1.07 0.31-3.66 0.69 0.18-2.68
2 parks 2.29 1.06-
4.95
2.03 0.66-6.26 2.82 0.95-8.37 1.85 0.25-
13.68
3.00 1.04-8.67 1.97 0.42-9.37 2.56 1.10-5.97 1.86 0.18-
19.67







2.85 0.93-8.80 2.69 0.95-7.63 1.02 0.15-6.97 3.39 1.22-9.41 3.25 0.64-16.49 3.07 1.30-7.26 2.49 0.28-
22.43




0 acres 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.1-19.9 acres 0.96 0.47-1.98 1.02 0.35-2.97 0.93 0.34-2.52 0.15 0.01-1.56 2.38 0.88-6.45 0.34 0.08-1.40 0.91 0.40-2.05 0.96 0.10-9.46 0.95 0.25-3.51 1.15 0.33-4.03 0.61 0.16-2.43
20-49.9 acres 2.15 1.03-
4.48
2.31 0.79-6.78 2.10 0.74-5.96 0.78 0.12-5.26 3.48 1.26-9.41 1.30 0.28-5.96 2.82 1.21-6.57 1.97 0.20-
19.85





1.49 0.50-4.47 3.00 1.06-8.52 1.66 0.32-8.62 2.58 0.94-7.12 1.93 0.38-9.96 1.84 0.78-4.34 3.39 0.36-
32.16






1.53 0.71-3.29 3.43 1.63-6.88 1.74 0.43-7.05 2.41 1.21-4.80 2.22 0.76-6.49 2.45 1.33-4.51 3.27 0.83-
12.85
2.37 1.13-4.97 2.01 1.05-3.86 1.48 0.68-3.23
Sports Field 1.32 0.79-2.20 1.12 0.50-2.54 1.47 0.73-2.97 0.62 0.20-1.88 2.38 1.15-4.91 0.67 0.16-2.89 1.52 0.77-3.00 1.00 0.27-3.72 1.37 0.61-3.07 1.15 0.60-2.20 0.64 0.26-1.61
Baseball Field 1.36 0.86-2.15 0.97 0.47-2.01 1.77 0.92-3.41 1.19 0.31-4.55 1.13 0.62-2.07 2.10 0.77-5.74 1.37 0.79-2.38 1.88 0.48-7.38 0.99 0.51-1.92 3.93 2.10-7.33 0.97 0.48-1.98
Swimming
Pool
1.77 1.00-3.16 1.87 0.77-4.53 1.74 0.79-3.86 0.93 0.27-3.20 2.05 0.86-4.88 4.88 1.11-
21.51
1.68 0.79-3.58 2.89 0.73-
11.54
0.83 0.35-1.95 2.08 0.82-5.26 1.57 0.60-4.07
Splash Pad 2.01 1.18-
3.42
1.88 0.74-4.80 2.34 1.16-4.70 0.97 0.32-2.96 1.63 0.73-3.63 23.77 1.99-
283.52







1.71 0.90-3.24 1.13 0.39-3.34 1.91 1.01-3.62 3.12 1.02-9.54 1.63 0.92-2.88 5.25 1.42-
19.42
1.34 0.65-2.77 2.31 1.30-4.13 1.52 0.75-3.11
Tennis Court 1.61 1.02-
2.54
1.56 0.77-3.17 1.71 0.91-3.23 0.90 0.32-2.53 1.65 0.86-3.17 2.20 0.85-5.71 1.56 0.90-2.72 2.56 0.79-8.28 1.41 0.70-2.83 2.34 1.29-4.22 1.66 0.80-3.47















Table 4 Association of park proximity and park facilities with park-based physical activity by socio-demographic characteristics (Continued)
Trail 1.40 0.88-2.22 0.89 0.44-1.80 1.99 1.02-3.86 0.59 0.19-1.82 1.90 1.01-3.57 1.13 0.44-2.90 1.64 0.93-2.90 1.11 0.31-3.97 2.08 1.03-4.19 2.16 1.15-4.07 1.02 0.50-2.08










4.67 0.99-22.05 6.22 2.02-
19.17
2n/a 2n/a 21.34 2.43-
187.71
2n/a 2n/a 3.20 0.57-
17.96
Skate Park 2.47 1.15-
5.31
2.35 0.69-7.98 2.74 0.97-7.71 4.24 0.66-
27.14










Dog Park 0.64 0.19-2.19 0.71 0.08-6.48 0.55 0.11-2.69 2n/
a
2n/a 0.46 0.10-2.14 0.32 0.02-4.92 1.17 0.24-5.85 2n/a 2n/a 1.25 0.21-7.30 1.91 0.30-
12.19
0.83 0.07-9.87
Green Space 1.59 0.84-3.01 1.31 0.53-3.25 1.89 0.76-4.68 1.39 0.20-9.78 2.35 0.98-5.62 0.79 0.22-2.82 1.57 0.77-3.21 1.84 0.32-
10.76
1.33 0.54-3.25 2.14 0.91-5.08 0.94 0.37-2.37
Lake 1.60 0.97-2.65 1.48 0.68-3.24 1.78 0.89-3.58 2.84 0.79-
10.13
1.23 0.64-2.38 1.83 0.58-5.84 1.83 0.98-3.40 0.98 0.31-3.10 2.70 1.20-6.08 1.79 0.92-3.47 1.07 0.44-2.63
Bolded odds ratios and confidence intervals indicate associations that were significant at p < .05.
1The reference group for all park facilities analyses was those participants who did not have the specific facility within a park within 1 mile from home.
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in a national study, Witten et al. [33] found that neigh-
borhood access to parks (measured as travel time) was
not associated with self-reported overall PA. However,
there is some existing literature that emphasises the role
of distance to parks on PA [17,20,26]. For instance, in a
review of qualitative research, McCormack et al. [59]
identified proximity as one of the important factors for
encouraging park use. There are several possible reasons
for this inconsistency in previous results about the ef-
fects of distance to the closest park on park-based PA.
First, there may be a threshold above which the distance
to the closest park affects behaviors such as walking
[16]. For example, people may not walk more than
800 m (or ½ mile) to reach a park; if so, 800 m can be
used as a threshold in locating a park to encourage PA.
Identifying these thresholds is an important step in
designing walking-friendly neighborhoods [60]. Second,
diverse objective and perceived measures of proximity to
parks have been used in previous studies and this is ex-
acerbated by the fact that poor agreement often exists
between these two types of measures [61,62]. Lastly, the
majority of previous studies examining the influence of
distance to parks on PA did not control for the attri-
butes of the park environment (for exceptions see,
[23,24]), while several previous studies showed the im-
portance of park quality and facilities on PA [20,35]. For
example, it is likely that people do not visit a park with
unattractive qualities, regardless of its distance.
Nevertheless, two other measures of proximity, num-
ber of parks and amount of park space within 1 mile,
were associated with measures of both park use and
park-based PA for a large number of the demographic
groups we examined. This finding is similar to the previ-
ous research highlighting the importance of park area in
encouraging PA [16,20,25,26]. For example, Kaczynski
et al. [16] found that adding each additional hectare of
park area within 1 km from home was associated with
increased odds of neighborhood-based moderate-to-
strenuous PA. Similarly, another study found the size of
urban green spaces was associated with the amount of
PA related to such places [25]. These findings demon-
strate the importance of park area measures (such as
number of parks and park acreage) in enhancing park-
based PA rather than simple measure of distance to the
closest park. A greater amount of park area likely offers
more diverse opportunities for residents’ park-based PA
through more features in those parks or by having differ-
ent types of parks. Likewise, having several parks across
the neighborhood as well as other green infrastructure
(e.g., greenways, trails) may create a habituation toward
park-based PA by creating a neighborhood that values
parks and active lifestyles. Future studies should explore
the specific pathways through which park areas within aneighborhood may influence park use and park-based
PA across different populations.
As mentioned earlier, distance to the closest park was
not a significant factor for any of the socio-demographic
subgroups. Likewise, relatively little variation in park use
was observed across socio-demographic segments when
considering the existence of 1 or 2 parks within 1 mile.
However, when there were 3 or more parks within 1
mile of home, certain groups were more likely to report
using parks within the past month. This included females
and other research has shown that other active living infra-
structure (e.g., bike lanes) can be particularly salient for
women [63]. Likewise, low-income participants with 20 or
more acres within 1 mile from home were also more likely
to report using parks. Previous research has shown that
neighbourhood socio-economic context plays a role in the
relationship between neighborhood walkability and BMI
[64] and other environmental features such as parks may
be similarly important for health behaviors and outcomes
in lower-income areas [65].
Compared to park use, there appeared to be somewhat
less diversity among socio-demographic groups when
considering associations between the number of parks,
park space, and park-based PA. This was especially evident
in terms of income, race, and age groups. For instance,
medium income, White, and middle-aged participants were
the only cohorts with increased odds of engaging in park-
based PA when there were 2 parks or 3 or more parks
within 1 mile. Likewise, these same three groups were the
only cohorts that experienced increased odds of engaging
in park-based PA when there was a greater amount of park
space (20–49.9 or 50+ acres) nearby. These findings about
race and income are consistent with previous research that
showed Black and lower-income residents were less likely
to engage in park-based PA [66], and might be explained by
other studies which have documented that parks in minor-
ity and low income neighborhoods are often less attractive
and appealing for PA [67,68].
Park facilities
In addition to proximity concerns, in this study, several
specific park facilities were found to be associated with
both park use and park-based PA. This is consistent with
an emerging body of research showing the importance
of park features on PA [20,23,25,69,70]. For example,
Baran et al. [70] found several park features such as
playgrounds, basketball courts, pools and water features,
shelters, and picnic areas to be associated with park
usage among youth and adults. In another study that
used a natural experiment approach, Veitch et al. [69]
reported that improving the features of a park, including
the establishment of a fenced leash-free area for dogs
and a barbecue area, resulted in increased park use and
park-based PA. It is likely that some park features are
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reported that park facilities – those areas designed for
active use – were somewhat more important than park
amenities – features that supported PA in the park [23].
Better understanding the influence of specific park facil-
ities on park use and park-based PA has important impli-
cations for urban designers and park planners in creating
activity-friendly neighborhoods. Moreover, using certain
park facilities presumably requires residents and park
visitors to possess certain equipment, abilities, and other
resources (e.g., time, money). Therefore, exploring how
the influence of park facilities may differ across population
segments is imperative.
This study advances the literature on park facilities
and health behaviors by focusing on adults, by examin-
ing a wide diversity of demographic sub-groups, and by
considering both park use and park-based PA. While
several studies have explored park facilities that promote
youth PA [36,38,40,71], it is likely that different facilities
appeal to adults [35]. Park planners must work to under-
stand the discrepancies and synergies between the pref-
erences of these two groups and how they might be
reconciled to design parks that either provide separate
or integrated spaces for different generations. For example,
several park facilities, including playgrounds, trails, baseball
fields, and basketball courts, among others, were associated
with park use and/or park-based PA within the two
younger adult age groups (18–39 and 40–59 years)
who presumably are more likely to have active chil-
dren or be active themselves, whereas none of the 14
facilities examined here were related to park use or PA
among older adults (60+ years). Several studies have
shown that neighborhood resources are particularly
important for older adults’ physical activity behavior
[72-74], and at least one study reported that park-
based leisure experiences are particularly beneficial
to older adults’ physiological health [75]. Therefore,
more research is needed to understand, for example,
the ideal components of parks for attracting and acti-
vating older visitors.
Our study likewise revealed a wide range of park
facilities that were significantly associated with park use
and park-based PA for other gender, income, and race
sub-populations.
The facilities most commonly associated with park use
across various demographics were playgrounds, baseball
fields, fitness stations, and skateparks. Therefore, these
facilties may be particularly important for promoting
park use for a wide range of visitor groups. Similarly, the
facilities most commonly associated with park-based
PA across different demographic groups were basketball
courts, playgrounds, trails, and fitness stations. These
findings correspond with previous research demonstrat-
ing the importance of facilities such as trails [23,35,76],basketball courts [35] and fitness zones [77], and suggest
that these facilities may be especially useful in efforts to
increase park-based PA among a variety of park users.
Another interesting finding was that only two facilities
were significantly associated with park use for low in-
come (playgrounds and baseball fields) and medium in-
come (fitness stations and dog parks) participants, but
many more were associated with park use among high
income participants (playgrounds, baseball fields, splash
pads, tennis courts, trails, fitness stations, and skate
parks). Likewise, there were no facilities associated with
park-based PA for low-income participants, while five fa-
cilities were signficant among medium-income (play-
ground, sports field, basketball court, trail, and fitness
station) and three for high-income participants (swim-
ming pool, splashpad, and basketball court). Moreover,
only four facilities were not positively associated with
park use among White participants, whereas only three
facilities were significantly related to park use among
Black participants (playgrounds, baseball fields, and bas-
ketball courts). Similarly, four facilities were positively
associated with park-based PA among White partici-
pants (playgrounds, splash pad, fitness station, and skate
park), yet only one facility was related to park-based PA
among Black participants (basketball court). Indeed, pre-
vious research has observed differences in park use and
park-based PA based on neighborhood income and ra-
cial/ethnic composition [78]. Future research would
benefit from further probing these differences to identify
constraints and motivations associated with using par-
ticular facilities, especially among socio-demographic
groups traditionally at risk for lower levels of park use,
PA, and health.
Although few studies have considered how living close
to specific park facilities is related to adults’ park use
and PA [27,35], some research has reported that adult
PA levels vary across park activity areas and that signifi-
cant variations in within-park PA exist by gender and
race [41,78,79]. Identifying specific facilities that appeal
to the broadest range of users can aid park planning
strategies designed to maximize the use of finite space to
attract the largest number of people possible. At the
same time, park planners must be conscious of issues re-
lated to conflict and crowding in considering the optimal
combination of facilities and users to coexist and be ac-
tive in the park. Interestingly, much research has focused
on such user management issues in national parks and
other large recreation areas [80,81], but not within local
or municipal parks where space and activities may be
even more constrained. Conversely, rather than trying to
appeal to everyone, a park could be designed to target
the specific population segments who live nearby, groups
who may be most at-risk for psychological or physio-
logical health issues, or other residents who might reap
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opportunities afforded by parks. For example, in this
study, playgrounds were one of the key facilities associ-
ated with park use among low income participants and
may be particularly important community resources for
attracting families to parks for social or other health-
promoting purposes [37,82,83]. In general, a wide variety
of park facilities can foster park use and park-based PA
among diverse groups of residents, but a better under-
standing of these relationships is needed to advance park
design and community health for all.
Limitations
Our study was subject to several limitations. For ex-
ample, our park use and PA variables, while based on
well-tested measures, were self-reported and therefore
potentially subject to recall error [84]. As well, like other
cross-sectional studies, we are unable to postulate as to
the order of influence among the park variables and
related behaviors (i.e., self-selection); consequently, more
longitudinal studies of park access and features are
needed across the lifespan. However, in a recent study, it
was found that such self-selection issues were not prob-
lematic in that even among people with lower prefer-
ences for living near green space, those with a greater
amount of proximal parkland were more likely to use
parks for PA [85]. Another potential limitation was that
we did not consider participants’ perceptions of access
to nearby parks or the facilities therein; future research
should include both objective and perceived measures of
proximity to parks, which often share little correspond-
ence [62,86], and should explore the relationships of both
with different health outcomes. Additionally, although one
mile is a reasonable distance within which to examine
park availability and facilities among adults, using other
sizes of buffers may produce different results. Likewise,
using distance measures other than to the centroid of
study parks may have resulted in different indicators of
park proximity. In part due to space limitations, we also
did not examine an exhaustive list of demographic vari-
ables (e.g., adults with children) or outcomes (e.g., meeting
overall physical activity recommendations), and for certain
characteristics such as race, our categories were limited by
the makeup of the study respondents (e.g., primarily
White and Black in this study). Finally, this study had a
somewhat low response rate and focused exclusively on
adults, so future research should examine these relation-
ships among other age groups and at-risk populations
(e.g., children, older adults, persons with disabilities) using
population-representative samples.
Conclusions
The current study contributes to the limited, but fast-
growing and important body of literature examining theinfluence of park attributes on adults’ PA. Other re-
search has explored effects of park proximity or specific
facilities across diverse demographics among youth
[40,87,88], but this is one of the first such studies to
consider these issues in detail among adults. We found
that specific measures of park proximity – namely, the
number of parks and total park area within 1 mile from
home – as well as a wide variety of park facilities were
associated with both park use and park-based PA among
diverse gender, income, race, and age groups. Given
this complexity, future efforts to understand and design
health-promoting parks may benefit from interdisciplinary
teams involving researchers and professionals from fields
such as parks and recreation management, leisure studies,
landscape architecture, geography, urban planning, psych-
ology, sociology, and public health, among others. Overall,
findings from this and similar ongoing studies should be
considered in better designing activity-friendly parks and
communities that are demographically- and culturally-
responsive to the needs of neighborhood residents.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
ATK conducted all analyses and wrote the first draft of the paper. GMB
contributed to study design, data collection and analysis, and editing the
manuscript. SWS provided leadership to designing and conducting the study
and edited the manuscript. MJK contributed to interpreting the study results
and drafting the manuscript. KBO assisted with study design and data
collection. RB assisted with study design and all spatial analyses. LRP and RSR
advised on interpreting the results and contributed to drafting the
manuscript. All authors read and approved the final manuscript.
Acknowledgements
Partial support for this study was provided by a grant from Active Living
Research in the United States, a national program of the Robert Wood
Johnson Foundation. Koohsari is supported by an Australian NHMRC
Program Grant [#569940] and by the Victorian Government’s Operational
Infrastructure Support Program.
Author details
1Department of Health Promotion Education and Behavior, Arnold School of
Public Health, University of South Carolina, 915 Greene Street, Room 529,
Columbia, SC 29201, USA. 2Prevention Research Center, Arnold School of
Public Health, University of South Carolina, Columbia, SC, USA. 3Department
of Parks, Recreation, and Tourism, University of Missouri-Columbia, 105 ABNR
Building, Columbia, MO, USA. 4Behavioural Epidemiology Laboratory, Baker
IDI Heart and Diabetes Institute, Melbourne, Australia. 5McCaughey VicHealth
Centre for Community Wellbeing, Melbourne School of Population and
Global Health, University of Melbourne, Melbourne, Australia. 6Riley County
Health Department, 2030 Tecumseh Road, Manhattan KS, USA. 7Department
of Geography, 800 West College Ave, Gustavus Adolphus College, St. Peter,
MN, USA. 8Department of Recreation and Leisure Studies, University of
Waterloo, Waterloo, Ontario, Canada. 9School of Health and Biosciences,
Pontifica Universidade Catolica do Parana, Curitiba, Brazil.
Received: 29 May 2014 Accepted: 12 November 2014
References
1. Janssen I, LeBlanc A: Systematic review of the health benefits of physical
activity and fitness in school-aged children and youth. Int J Behav Nutr
Phys Act 2010, 7:1–16.
Kaczynski et al. International Journal of Behavioral Nutrition and Physical Activity  (2014) 11:146 Page 13 of 142. Haskell WL, Blair SN, Hill JO: Physical activity: health outcomes and
importance for public health policy. Prev Med 2009, 49:280–282.
3. Vogel T, Brechat PH, Leprêtre PM, Kaltenbach G, Berthel M, Lonsdorfer J:
Health benefits of physical activity in older patients: a review. Int J Clin
Pract 2009, 63:303–320.
4. U.S. Department of Health and Human Services: A report from the Surgeon
General: physical activity and health. Washington, DC: Department of Health
and Human Services, Centers for Disease Control and Prevention; 1996.
5. U.S. Department of Health and Human Services: 2008 physical activity
guidelines for Americans. In Book 2008 physical activity guidelines for
Americans. Washington, DC: US Department of Health and Human
Services; 2008.
6. Brownson RC, Boehmer TK, Luke DA: Declining rates of physical activity in
the United States: what are the contributors? Annu Rev Public Health 2004,
26:421–443.
7. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U: Global
physical activity levels: surveillance progress, pitfalls, and prospects.
Lancet 2012, 380:247–257.
8. Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J: An ecological
approach to creating active living communities. Annu Rev Public Health 2006,
27:297–322.
9. Richard L, Gauvin L, Raine K: Ecological models revisited: their uses and
evolution in health promotion over two decades. Annu Rev Public Health
2011, 32:307–326.
10. Sallis JF, Owen N, Fisher EB: Ecological models of health behavior. In
Health behavior and health education: theory, research, and practice. 4th
edition. Edited by Glanz K, Rimer B, Viswanath K. San Francisco, CA:
Jossey-Bass; 2008:465–482.
11. Roof K, Oleru N: Public health: Seattle and King county’s push for the
built environment. J Environ Health 2008, 71:24–27.
12. Wolch J, Jerrett M, Reynolds K, McConnell R, Chang R, Dahmann N, Brady K,
Gilliland F, Su JG, Berhane K: Childhood obesity and proximity to urban
parks and recreational resources: a longitudinal cohort study. Health &
Place 2011, 17:207–214.
13. Kaczynski AT, Henderson KA: Environmental correlates of physical activity:
a review of evidence about parks and recreation. Leis Sci 2007, 29:315–354.
14. Rundle A, Quinn J, Lovasi G, Bader MD, Yousefzadeh P, Weiss C,
Neckerman K: Associations between body mass index and park
proximity, size, cleanliness, and recreational facilities. Am J Health
Promot 2013, 27:262–269.
15. Bedimo-Rung AL, Mowen AJ, Cohen DA: The significance of parks to
physical activity and public health: a conceptual model. Am J Prev Med
2005, 28:159–168.
16. Kaczynski AT, Potwarka LR, Smale BJA, Havitz ME: Association of parkland
proximity with neighborhood and park-based physical activity: variations
by gender and age. Leis Sci 2009, 31:174–191.
17. Sugiyama T, Giles-Corti B, Summers J, du Toit L, Leslie E, Owen N: Initiating
and maintaining recreational walking: a longitudinal study on the
influence of neighborhood green space. Prev Med 2013, 57:178–182.
18. Cohen DA, Han B, Derose KP, Williamson S, Marsh T, McKenzie TL: Physical
activity in parks: a randomized controlled trial using community
engagement. Am J Prev Med 2013, 45:590–597.
19. Veitch J, Ball K, Crawford D, Abbott G, Salmon J: Is park visitation
associated with leisure-time and transportation physical activity?
Prev Med 2013, 57:732–734.
20. Giles-Corti B, Broomhall MH, Knuiman M, Collins C, Douglas K, Ng K,
Lange A, Donovan RJ: Increasing walking: how important is distance to,
attractiveness, and size of public open space? Am J Prev Med 2005,
28:169–176.
21. Hillsdon M, Panter J, Foster C, Jones A: The relationship between access
and quality of urban green space with population physical activity.
Public health 2006, 120:1127–1132.
22. Kaczynski AT, Koohsari MJ, Wilhelm Stanis SA, Bergstrom R, Sugiyama T:
Association of street connectivity and road traffic speed with park usage
and park-based physical activity. Am J Health Promot 2014, 28:197–203.
23. Kaczynski AT, Potwarka LR, Saelens BE: Association of park size, distance,
and features with physical activity in neighborhood parks. Am J Public
Health 2008, 98:1451–1456.
24. Koohsari MJ, Karakiewicz JA, Kaczynski AT: Public open space and walking:
the role of proximity, perceptual qualities of the surrounding built
environment, and street configuration. Environ Behav 2013, 45:706–736.25. Schipperijn J, Bentsen P, Troelsen J, Toftager M, Stigsdotter UK: Associations
between physical activity and characteristics of urban green space.
Urban For Urban Green 2013, 12:109–116.
26. Sugiyama T, Francis J, Middleton NJ, Owen N, Giles-Corti B: Associations
between recreational walking and attractiveness, size, and
proximity of neighborhood open spaces. Am J Public Health 2010,
100:1752–1757.
27. Kaczynski AT, Johnson AJ, Saelens BE: Neighborhood land use diversity
and physical activity in adjacent parks. Health & Place 2010, 16:413–415.
28. Maas J, Verheij R, Spreeuwenberg P, Groenewegen P: Physical
activity as a possible mechanism behind the relationship between
green space and health: A multilevel analysis. BMC Public Health 2008,
8:206.
29. Gong Y, Gallacher J, Palmer S, Fone D: Neighbourhood green space, physical
function and participation in physical activities among elderly men: the
Caerphilly Prospective study. Int J Behav Nutr Phys Act 2014, 11:40.
30. Koohsari MJ, Kaczynski AT, Giles-Corti B, Karakiewicz JA: Effects of access to
public open spaces on walking: is proximity enough? Landsc Urban Plan
2013, 117:92–99.
31. Coutts C, Chapin T, Horner M, Taylor C: County-level effects of green
space access on physical activity. J Phys Act Health 2013, 10:232–240.
32. Roemmich JN, Epstein LH, Raja S, Yin L, Robinson J, Winiewicz D:
Association of access to parks and recreational facilities with the
physical activity of young children. Prev Med 2006, 43:437–441.
33. Witten K, Hiscock R, Pearce J, Blakely T: Neighbourhood access to open
spaces and the physical activity of residents: a national study. Prev Med
2008, 47:299–303.
34. Giles-Corti B, Timperio A, Bull F, Pikora T: Understanding physical activity
environmental correlates: increased specificity for ecological models.
Exerc Sport Sci Rev 2005, 33:175–181.
35. Kaczynski AT, Havitz ME: Examining the relationship between proximal
park features and residents’ physical activity in neighborhood parks.
J Park Recreat Adm 2009, 27:42–58.
36. Cohen DA, Ashwood JS, Scott MM, Overton A, Evenson KR, Staten LK,
Porter D, McKenzie TL, Catellier D: Public parks and physical activity
among adolescent girls. Pediatrics 2006, 118:e1381–e1389.
37. Potwarka LR, Kaczynski AT, Flack AL: Places to play: association of park
space and facilities with healthy weight status among children.
J Community Health 2008, 33:344–350.
38. Loukaitou-Sideris A, Sideris A: What brings children to the park? analysis
and measurement of the variables affecting children's use of parks.
J Am Plan Assoc 2009, 76:89–107.
39. Perry CK, Saelens BE, Thompson B: Rural Latino youth park use:
characteristics, park amenities, and physical activity. J Community
Health 2011, 36:389–397.
40. Timperio A, Giles-Corti B, Crawford D, Andrianopoulos N, Ball K, Salmon J, Hume
C: Features of public open spaces and physical activity among children:
findings from the CLAN study. Prev Med 2008, 47:514–518.
41. Kaczynski AT, Wilhelm Stanis SA, Hastmann TJ, Besenyi GM: Variations in
observed park physical activity intensity level by gender, race, and age:
individual and joint effects. J Phys Act Health 2011, 8:S151.
42. Paxton RJ, Sharpe PA, Granner ML, Hutto B: Associations of
sociodemographic and community environmental variables to use of
public parks and trails for physical activity. Int J Health Promot Educ 2005,
43:108–116.
43. Payne LL, Mowen AJ, Orsega-Smith E: An examination of park preferences
and behaviors among urban residents: the role of residential location,
race, and age. Leis Sci 2002, 24:181–198.
44. Carlson SA, Brooks JD, Brown DR, Buchner DM: Racial/ethnic differences in
perceived access, environmental barriers to use, and use of community
parks. Prev Chronic Disease 2010, 7:A49.
45. Cohen DA, McKenzie TL, Sehgal A, Williamson S, Golinelli D, Lurie N:
Contribution of public parks to physical activity. Am J Public Health 2007,
97:509–514.
46. Gobster PH: Managing urban parks for a racially and ethnically diverse
clientele. Leis Sci 2002, 24:143–159.
47. Dillman DA: Mail and internet surveys: the tailored design method. 3rd
edition. New York: John Wiley & Sons; 2008.
48. Tilt JH: Walking trips to parks: exploring demographic, environmental
factors, and preferences for adults with children in the household.
Prev Med 2010, 50(Supplement):S69–S73.
Kaczynski et al. International Journal of Behavioral Nutrition and Physical Activity  (2014) 11:146 Page 14 of 1449. Coombes E, Jones AP, Hillsdon M: The relationship of physical activity and
overweight to objectively measured green space accessibility and use.
Soc Sci Med 2010, 70:816–822.
50. Apparicio P, Abdelmajid M, Riva M, Shearmur R: Comparing alternative
approaches to measuring the geographical accessibility of urban health
services: distance types and aggregation-error issues. Int J Health Geogr
2008, 7:1–14.
51. Witten K, Exeter D, Field A: The quality of urban environments:
mapping variation in access to community resources. Urban Stud
2003, 40:161–177.
52. Norman GJ, Adams MA, Kerr J, Ryan S, Frank LD, Roesch SC: A latent profile
analysis of neighborhood recreation environments in relation to
adolescent physical activity, sedentary time, and obesity. J Pub Health
Manag Practice 2010, 16:411.
53. Ranchod YK, Diez Roux AV, Evenson KR, Sánchez BN, Moore K: Longitudinal
associations between neighborhood recreational facilities and change in
recreational physical activity in the multi-ethnic study of Atherosclerosis,
2000–2007. American Journal of Epidemiology 2013, 179(3):335–343.
54. Kaczynski AT, Wilhelm Stanis SA, Besenyi GM: Development and
testing of a community stakeholder park audit tool. Am J Prev Med 2012,
42:242–249.
55. Walker JT, Mowen AJ, Hendricks WW, Kruger J, Morrow JR, Bricker K:
Physical activity in the park setting (PA-PS) questionnaire: reliability in a
California statewide sample. J Phys Act Health 2009, 6:S97–104.
56. Bai H, Wilhelm Stanis SA, Kaczynski AT, Besenyi GM: Perceptions of
neighborhood park quality: associations with physical activity and body
mass index. Ann Behav Med 2013, 45:39–48.
57. Moody JS, Prochaska JJ, Sallis JF, McKenzie TL, Brown M, Conway TL:
Viability of parks and recreation centers as sites for youth physical
activity promotion. Health Promot Pract 2004, 5:438–443.
58. Brown G, Schebella MF, Weber D: Using participatory GIS to measure
physical activity and urban park benefits. Landsc Urban Plan 2014,
121:34–44.
59. McCormack GR, Rock M, Toohey AM, Hignell D: Characteristics of
urban parks associated with park use and physical activity: a review of
qualitative research. Health & Place 2010, 16:712–726.
60. Koohsari MJ, Badland H, Giles-Corti B: (Re)Designing the built environment
to support physical activity: bringing public health back into urban
design and planning. Cities 2013, 35:294–298.
61. Gebel K, Bauman AE, Sugiyama T, Owen N: Mismatch between
perceived and objectively assessed neighborhood walkability
attributes: prospective relationships with walking and weight gain.
Health & Place 2011, 17:519–524.
62. Lackey K, Kaczynski A: Correspondence of perceived vs. objective
proximity to parks and their relationship to park-based physical activity.
Int J Behav Nut Physical Activity 2009, 6:1–9.
63. Garrard J, Rose G, Lo SK: Promoting transportation cycling for women:
The role of bicycle infrastructure. Prev Med 2008, 46:55–59.
64. Rundle A, Field S, Park Y, Freeman L, Weiss CC, Neckerman K: Personal and
neighborhood socioeconomic status and indices of neighborhood
walk-ability predict body mass index in New York City. Soc Sci Med 2008,
67:1951–1958.
65. Godbey GC, Caldwell LL, Floyd M, Payne LL: Contributions of leisure
studies and recreation and park management research to the active
living agenda. Am J Prev Med 2005, 28:150–158.
66. Loukaitou-Sideris A: Urban form and social context: cultural differentiation in
the uses of urban parks. J Plan Educ Res 1995, 14:89–102.
67. Vaughan K, Kaczynski A, Wilhelm Stanis S, Besenyi G, Bergstrom R, Heinrich
K: Exploring the distribution of park availability, features, and quality
across Kansas city, Missouri by income and race/ethnicity: an
environmental justice investigation. Ann Behav Med 2013, 45:28–38.
68. Crawford D, Timperio A, Giles-Corti B, Ball K, Hume C, Roberts R, Andrianopoulos
N, Salmon J: Do features of public open spaces vary according to
neighbourhood socio-economic status? Health & Place 2008, 14:889–893.
69. Veitch J, Ball K, Crawford D, Abbott GR, Salmon J: Park improvements and
park activity: a natural experiment. Am J Prev Med 2012, 42:616–619.
70. Baran PK, Smith WR, Moore RC, Floyd MF, Bocarro JN, Cosco NG, Danninger
TM: Park use among youth and adults: examination of individual, social,
and urban form factors. Environment and Behavior 2014, 46:768.71. Floyd MF, Bocarro JN, Smith WR, Baran PK, Moore RC, Cosco NG, Edwards
MB, Suau LJ, Fang K: Park-based physical activity among children and
adolescents. Am J Prev Med 2011, 41:258–265.
72. Fisher KJ, Li F, Michael Y, Cleveland M: Neighborhood-level influences on
physical activity among older adults: a multilevel analysis. J Aging
Physical Activity 2004, 12:45.
73. Tsunoda K, Tsuji T, Kitano N, Mitsuishi Y, Yoon J-Y, Yoon J, Okura T: Associations
of physical activity with neighborhood environments and transportation
modes in older Japanese adults. Prev Med 2012, 55:113–118.
74. Van Cauwenberg J, Clarys P, De Bourdeaudhuij I, Van Holle V, Verte D,
De Witte N, De Donder L, Buffel T, Dury S, Deforche B: Physical environmental
factors related to walking and cycling in older adults: the Belgian aging
studies. BMC Public Health 2012, 12:142.
75. Orsega-Smith E, Mowen AJ, Payne LL, Godbey G: The interaction of stress
and park use on psycho-physiological health in older adults. J Leis Res
2004, 36:232–256.
76. Rosenberger RS, Bergerson TR, Kline JD: Macro-linkages between health
and outdoor recreation: The role of parks and recreation providers.
J Park Recreat Adm 2009, 27:8–20.
77. Cohen DA, Golinelli D, Williamson S, Sehgal A, Marsh T, McKenzie TL:
Effects of park improvements on park use and physical activity: policy
and programming implications. Am J Prev Med 2009, 37:475–480.
78. Floyd MF, Spengler JO, Maddock JE, Gobster PH, Suau LJ: Park-based
physical activity in diverse communities of two U.S. cities: an
observational study. Am J Prev Med 2008, 34:299–305.
79. Kaczynski AT, Wilhelm Stanis SA, Besenyi GM, Child S: Differences in youth
and adult physical activity in park settings by sex and race/ethnicity.
Prev Chronic Disease 2013, 10:E42.
80. Manning RE, Valliere WA: Coping in outdoor recreation: causes and
consequences of crowding and conflict among community residents.
J Leis Res 2001, 33:410–426.
81. Schneider IE: Responses to conflict in urban-proximate areas. J Park
Recreation Admin 2000, 18:37.
82. Yilmaz S, Bulut Z: Analysis of user's characteristics of three different
playgrounds in districts with different socio-economical conditions.
Build Environ 2007, 42:3455–3460.
83. Burdette HL, Whitaker RC: Neighborhood playgrounds, fast food
restaurants, and crime: relationships to overweight in low-income
preschool children. Prev Med 2004, 38:57–63.
84. Sallis JF, Saelens BE: Assessment of physical activity by self-report: status,
limitations, and future directions. Res Q Exerc Sport 2000, 71:S1–14.
85. Kaczynski AT, Mowen AJ: Does self-selection influence the relationship
between park availability and physical activity? Prev Med 2011, 52:23–25.
86. Macintyre S, Macdonald L, Ellaway A: Lack of agreement between
measured and self-reported distance from public green parks in
Glasgow. Scot Int J Behav Nut Physical Activity 2008, 5:26.
87. Frank L, Kerr J, Chapman J, Sallis J: Urban form relationships with walk trip
frequency and distance among youth. Am J Health Promot 2007, 21:305–311.
88. Veitch J, Timperio A, Crawford D, Abbott G, Giles-Corti B, Salmon J: Is the
neighbourhood environment associated with sedentary behaviour outside
of school hours among children? Ann Behav Med 2011, 41:333–341.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
